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ORDERFD STRUCTURES IN  YBapCu30y_y, Lap_SryQuO4 g AND RELATED PEROVSKITES

T. E. MITCHELL, T. ROY, Z. FISK AND J. L. SMITh

Center for Materials Science, Los Alamos National laboratory, Los Alamos, NV
87545

ABSTRACT

Electron microscopy and electron diffraction studies have been performed
on the superconducting oxides YBapQuy0y_,,, GdBaCu3Oyy, and Lap_,Sr,Qu0y g as
well as the related perovskites La,Q104, Eu,QuO; and GdoCu04. Extra retlections
are commonly abserved in all the cases. For example, in the 123 compounds, in

situ heating leads to transformations fram orthorhombic to tetragonal with a
loss of twin structure; on cooling the oxygen vacancles re-order in the basal

plane to give 1/3(100)* or 1/4(110)* diffraction spots. In tetragonal Eu,CuOs
and Gd,Cu04, the [001]) diffraction patterns often have extra spots at 1/2(110)*

or at 1/4(110)* positions. Extra spots are also cbserved in La,Cud,
(orthorhcmbic) but this is prabahly due to the space group heing primitive
ra‘her than centered. These dbservations are discusued in terms of the

ordering of oxygen vacancies in the Cu-O plane< of the varicus perovskite
structures.

I"XPERIMENTAL TECHNIQUES

The X'Baz(‘u3o7_y specimens were prepared as described previously(l;. The
La,Cu0y, FupCudy and GdaQuly iaterial were grown as single crystal flakes fram
a PbOC or Cu? flux. Specimins fur transmission eleclron microscopy (THEM) wore
prepared either by grinding in a mortor and pest le or by ion milling using &
liquid nitrogen specimen cooler.  TEM was por formed or a Philips EMAOOT

operating at 120kV,

IEGUTTS
Superconduct ing 1270 materfal always contains twins on {110} planes (Flg,

1) which are {formed to accomodiat o Lhe shape change dor fneg the transtormn fon



from tetragonal to orthorhombic at ~700°C. The twins can be removed by
heating, by irradiation or by reduction in the vacum of the microscope. For
the case of pulse heating with the electron beam, if the specimens are cooled
immediately, then the twin structure is restored. If significant oxygen loss
occurs, other ordered structures are abserved (Fig. 2). Fig. 2(b) shows extr:
reflections at 1/3(100)* and 2/3(100)* positions indicating a probable unit

cell ap x 3ap x op (T refers to the tetragonal unit cell) while Fig. 2(c) shows
extra reflections at 1/4(110)* and 1/2(110)* indicating a probable unit cell
aTVZ X 2aTV2 X cp. Possible schemes of oxygen vacancy ordering are given in the

J.scussion.

+a,CuC | also undergoes a transformation fram tetragonal to orthorhombic, ir

this case at ~200°C, while Laj ggSrg 15Cu04-5 transforms at ~200K. Again twine
are the most prominent feature of the microstructure at ambient temperature ir
Las,Lu04 (Fig. 3) and they can be induced in the Sr-containing material by in

situ cooling. However, the twins in the 123 and 214 materials have a quite
ditferent origin. In 123 material, the oxygen vacancies order (diffusively) sc
as tc form Cu-0 chains along the two possible axes in the basal plane. 1In 214
material, the distortion to the orthorh .dbic structure occurs non-diffusively
and there is detectable vacancy ordering. However, we have detected extra

reflections consistent with Pccn symmetry [2], moreover, on cooling LasCu0y

reflections are observed at (110)* positions in the [U01l]) zuite which are

streaked along <110>*, indicating a possible rew  hase.

Both Eu.Qu0, and GdpCuO,4 have a space group 14/mmm with a triple perovskite
unit cell (different from the orher two structures). In both cases extra
reflections are frequently obscrved in the diffraction patterns. Fig. 4(a)
shows an exammle with extra reflections at 1/4(110)*, 1/2(110)* and 3/4(110)*
whlle Fig. 4(b) shows extra reflections at 1/2(110)* only. Domains or
precipitates are associated with this ordering (Ficg. 9. No difference in
cat ion chemistry could be ditected by x-ray spect romet ry and so we assume t hat
the effect {0 caused by oxyaon non-stoichiomet ry and consequont oxygen vacancy

ordering. Fig . 4(a) could be associated with a apVa x Za.r\’.’. X op unit cell and

Fig., 4 with a "‘l‘\l;’ X n.r\’;? x cpounit celi,



DISCUSSION

We shall confine ourselves to discussing the oxygen ordering. 1In all
cases there is a Cu-0 square basal net which is most susceptible to loss of
oxygen and the introduction cf oxygen vacancies. Examples of such nets and
their corresponding diffraction patterns are shown in Fig. 6. Fig. 6(a) is ¢

net with a 50% occupancy of oxygen sites giving rise to the Cu-0O chains in

YBa,Cu307. If one third of the chains are vacant (corresponding to

YBayCu30g ¢7) s then the diffraction pattern in Fig. 6(b) arises. This is

similar to Fig. 2(b) and could correspond to the 55K superconductor which is
reported at about this stoichiometry [3]. The LajCu04 and Euy,CuO4 structures

ideally have fully occupied square nets. However, possible schemes for 25%
vacancy occupation are shown in Figs. 6(c) and é(d) which can explain the
diffraction pattern in Figs. 4(a) and (). A similar scheme to Fig. 6(c) in
123 material with 75% vacancy occupation (i.e. vacant and occupied sites

reversed) can explain the diffraction pattern in rFig. 2(c) and would corresporc

to YBay)Quy0g s.



Fig. 3: {110} Twins in LanCu Oy4 observed

Fig. 1: {110} Twins in YBaZCu;307_y observed

along [001).

along [001].

Fig. 2:[001] SAD patterns in YBa20U3O7_y: (a) showing spot doubling due to twins, (b) after

pulse heating, (c) after aging for 1 day.

ig. 4:[001] SAD patterns from two different regions of EupCuQy,.

a).

(

Fig. 5: Ordered reqions corresponding to Fig. 4
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Fig. 6: Diffraction pa.e 's aia oresponding square Cu-O nets with various configurations of
vacancies in the asal ;. 1ne of (a) YBapCugz0y, (b) YBaoCuaOg g7, (c) and (d)

EupCuO3 5.



